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INTRODUCTION 


^ A recent  report  of  research  at  the  Shell  Thornton  Research 
Centre  in  Chester  England  (reference  (a) ) described  some 
interesting  vapor  pressure  and  flash  point  work  for  kerosene  and 
JP-5  type  jet  fuels.  The  Shell  researchers  measured  the  effect 
of  temperature,  vapor/liquid  ratio  (ullage),  and  icing  inhibitor 
additives  on  the  vapor  pressure  and  flash  point  of  some  jet  fuels. 
By  means  of  a survey  study  of  samples  taken  from  the  field,  They 
found  that  the  average  vapor  pressure  of  fuels  containing  small 
concentrations  of  ethylene  glycol  monomethyl  ether  (methyl 
cellosolve)  icing  inhibitors  was  significantly  higher  than  those 
fuels  which  did  not  contain  the  inhibitor.  . , 
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There  is  a very  important  implication  to  flammability 
hazard  in  these  findings  because  an  increase  in  vapor  pressure 
of  a fuel  mixture  would  be  expected  to  cause  a corresponding 
decrease  in  its  flash  point  temperature.  Therefore,  it  was 
decided  to  make  an  immediate  (although  limited)  investigation 
of  the  effect  of  this  additive  on  the  flash  point  temperatures 
of  pure  hydrocarbons,  and  a sample  of  JP-5  jet  fuel.  The  Shell 
work  was  not  done  on  pure  hydrocarbons,  nor  was  the  effect  of 
icing  inhibitor  additive  measured  directly,  i.e.,  no  controls 
were  used  in  their  study. 


Enel  (1)  to '■NRL  ltr  6180-  1 22 : WAA:  GWM:  ec 

NRL  Prob  CO 1-03  * 
SER: 


IflJWil'u i A. I Mf 


DMggnON  STATElrty^  ^ 

for  public 


- (.1  t h/. 

lit  UvM 

li’O-  1$6 


D 

(j^jyVTYpnr;  flfpfn 


k*  DEC  7 1976  : 

, pi' 

UlktoEUl/ELjii 


6180- 122A: WAA: GWM: uc 


Tho  Military  Specifications  for  JP-4  anti  Jp-5  jet  fuels 
(reference  (6))  require  the  use  of  from  0.1  to  0.15%  icing 
inhibitor  additive  in  JP-4,  but  none  is  permitted  in  JP-5.  The 
additive  consists  (reference  (c))  of  94.6%  (v/v)  ethylene 
glycol  monomethyl  ether  and  0.4%  (v/v)  Glycerine . ^ toe  chose 
to  study  this  effect  on  JP-5  jet  fuel, ^sincc  of  the  two  fuels, 
only  JP-5  (which  is  intended  for  use  on  aircraft  carriers)  has 
a minimum  flash  point  requirement  (140°F).  Tt  would  be  important 
Lo  evaluate  the  effect  of  the  additive  in/case  it  is  considered 
for  future  use  in  JP-5,  or  should  it  be/present  in  this  fuel 
unintentionally.  / 

EXPERIMENTAL 

The  flash  point  determinations  were  made  by  means  of  a Tag 
Closed  Cup  Tester  within  the  concentration  range  of  0 to  1% 
icing  inhibitor.  Because  the  additive  has  limited  solubility  in 
hydrocarbon  fuels,  it  was  found  necessary  (especially  at  con- 
centrations above  0.1%)  to  shake  the  mixture  of  fuel  and  icing 
inhibitor  additive  vigorously  before  measuring  the  flash  points 
in  order  to  get  reproducible  data. 


RESULTS  AND  CONCLUSIONS 

Of*-,  ' 

The  results  are  shown  in  Table  I and  Figure  1.  In  the  plot, 
(Pig.  1)  the  depression  of  flash  point  temperature  with  increasing 
additive  concentration  .is  evident.  It  is  noted  that  there  is 
a reduction  of  flash  puih-t  temperature  of  5 to  6°F  in  both  curves 
in  mixtures  containing  0.15%  inhibitor  (the  maximum  allowable 
concentration  for  JP-4  in  the  Specification).  It  has  been  shown 
(reference  (d))  that  hydrocarbon  solutions  follow  Raoult's  Law 
in  regard  to  vapor  pressure,  and  flash  point.  The  relatively 
large  decrease  in  flash  point  temperature  for  icing  inhibitor 
additives  in  hydrocarbon  fuels  is  much  greater  than  expected 
from  consideration  of  Raoult's  Law.  The  flash  point  temperature 
of  tile  additive  itself  was  found  to  be  113  F.  Based  on  Raoult's 
Law,  a hydrocarbon  of  approximately  this  flash  point,  and  at 
such  a low  concentration,  would  be  expected  to  decrease  the 
flash  point  of  the  original  hydrocarbon  only  a fraction  of  a 
degree  (reference  (d)). 

Although  this  additive  is  not  authorized  for  use  in  JP-5 
jet  fuel  at  this  time,  if  consideration  is  ever  given  to  removing 
this  restriction,  the  effect  on  the  reduction  in  flash  point 
temperature  will  have  to  be  given  serious  consideration.  Either 
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it  will  l>i'  necessary  (besides  limiting  the  lonifiitidi  ions  o t 
additives  pe  rm  i l t i'il ) to  lower  the  laO1  K minimum  requ  i rcmont  ol 
tin-  spec i t i ca t l on , .-mil  1 1ms  increase  tin-  t l amm.it>  i 1 i t v hazard 
ot  tin'  tin- 1 , or,  on  the  other  Ininil , maintain  tin*  present  flash 
point  ft'ipi  1 fomont  ot  t ltu  spec i f i cat l on  top  tuol  plus  additive, 
thus  in  ottoot  raising  tin*  tlash  point  minimum  tor  thu  basic 
tuol  it  sol  I,  ami  perhaps  increasing  its  oust,  ami  decreasing 
i t s ava i 1 ah  1 1 i t v . 

No  explanation  tor  this  phenomenon  can  he  given  yet. 

However,  it  one  is  permit  toil  t c speculate,  it  is  tempting  to 
hazard  a guess  as  to  why  the'  icing  inhibitor  has  such  a large 
inlluence  on  the  I lash  point  temperature.  It  is  most  likely 
to  begin  with  that  tin-  reiluct  ion  in  tlash  point  temperature 
i s line  to  an  Increase  in  the  total  vapor  pressure  ot  the  mixture, 
or  to  deviation  I rom  l.e  What  e 1 I or 1 s Rule  on  flammability  ot 
mixtures  (re  to  fence  till),  or  both.  first  , let  us  consider  what 
would  happen  it  what  is  Involved  Is  a matter  ot  iimnisc ibi lity 
ol  solvents.  It  two  phases  are  termed,  t he  total  vapor  pressure 
would  be  the  sum  ot  the  independent  vapor  pressures  (rather  than 
their  partial  pressures),  and  theretore  would  be  higher.  However, 
in  our  work,  two  definite  phases  (a  slight  opalescence  was 
observed)  were  not  produced,  nor  i there  a break  in  the  curve 
(fig.  I)  as  would  be  expected  in  such  a case.  this  concept  is 
a fascinating  one  and  is  worthy  ot  future  study.  A second 
possibility  is  that  there  is  a large  deviation  t rom  l.e  Whatel ier 1 s 
ltule.  t’root  ot  t It  i s would  require  a knowledge  ol  composition 
and  flammability  limits  ot  the  vapor  phase  over  l tie  l -add  i t tve 
mixtures.  A third  possible  explanation  is  the  format  ion  ot  a 
low  tlash  point  "azeotrope".  Whatever  the  explanation,  the 
matter  ot  small  concent  rat  ions  ot  one  substance  unduly  increasing 
the  flammability  hazard  ol  another  is  ot  concern  (in  addition  to 
having  interesting  scientific  implications),  and  the  Navy  must 
be  wary  ot  such  possibilities  in  actual  practice. 
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Table  1 


(a) 

Effect  of  Icing  Inhibitor  on  Flashpoint 
of  Hydrocarbons 


Concentration  of 

Flashpoint  i 

( F) 

Icing  Inhibitor  (%  v/v) 

N-Undecane 

JP-5 

0 

148 

139 

0.0188 

147 

- 

0.0375 

146 

137 

0.0750 

145 

136 

0.0990 

144 

135 

0. 150 

144 

134 

0.200 

141 

133 

0.398 

134 

128 

0.498 

132 

- 

0.596 

- 

123 

0.695 

126 

122 

0.892 

123 

120 

(c) 


(a)  Phillips  Petroleum  Co.  Icing  Inhibitor  55MH 

(Flashpoint  113°F  found) 

(b)  Tag,  Closed  Cup 

(c)  JP-5  Jet  Fuel,  S-imple  No.  J-439 


concentration  of  icino  inhibitor 
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